HIV in humans and SIV in macaques (MAC) lead to chronic inflammation and AIDS. Natural 22 42 3 were similar to those found in MAC pDC. Furthermore, we show that AGM pDC did not 43 consistently produce IFN-I upon heterologous SIVmac/HIV-1 encounter, while they sensed 44 autologous SIVagm isolates. Pseudotyping SIVmac/HIV-1 overcame this deficiency, suggesting 45 that reduced uptake of heterologous viral strains underlay this lack of sensing. The distinct IFN-I 46 responses depending on host species and HIV/SIV isolates reveal host/virus species-specificity of 47
hosts, such as African green monkeys (AGM) and sooty mangabeys (SM), are protected against 23 SIV-induced chronic inflammation and AIDS. Here, we report that AGM plasmacytoid dendritic 24 cells (pDC) express extremely low levels of CD4, unlike MAC and human pDC. Despite this, AGM 25 pDC efficiently sensed SIVagm, but not heterologous HIV/SIV isolates, indicating a virus-host 26 adaptation. Moreover, both AGM and SM pDC were found to be, in contrast to MAC pDC, 27 predominantly negative for CCR5. Despite such limited CD4 and CCR5 expression, lymphoid 28 tissue pDC were infected to a similar degree as CD4 + T cells, both in MAC and AGM. Altogether, 29 our finding of efficient pDC infection by SIV in vivo identifies pDC as a potential viral reservoir in 30 lymphoid tissues. We discovered low expression of CD4 on AGM pDC, which did not preclude 31 efficient sensing of host-adapted viruses. Therefore, pDC infection and efficient sensing are not 32 prerequisites for chronic inflammation. The high level of pDC infection by SIVagm suggests that 33 if CCR5 paucity on immune cells is important for non-pathogenesis of natural hosts, it is possibly 34 not due to its role as a co-receptor. 35 Importance 36 The ability of certain key immune cell subsets to resist infection might contribute to the 37 asymptomatic nature of simian immunodeficiency virus (SIV) infection in its natural hosts, such 38 as African green monkeys (AGM) and sooty mangabeys (SM). This relative resistance to 39 infection has been correlated with reduced expression of CD4 and/or CCR5. We show that 40 plasmacytoid dendritic cells (pDC) of natural hosts display a reduced CD4 and/or CCR5 41 expression, unlike macaque pDC. Surprisingly, this did not protect AGM pDC, as infection levels pDC sensing. 48 Introduction 49 Chronic inflammation and immune activation in HIV-infected individuals and in SIV-infected 50 macaques (MAC) lead to depletion of CD4 + T cells and progression to AIDS. Natural hosts of SIV, 51 such as African green monkeys (AGM) and sooty mangabeys (SM), do not display chronic 52 inflammation or AIDS (1). This is due to resolution of inflammation before the end of acute 53 infection, rather than to a lack of SIV recognition by the innate immune system (2). Natural 54 hosts further differ from pathogenic HIV/SIV infections by exhibiting reduced infection rates in 55 certain cell subsets, such as central memory CD4 + T cells (Tcm) (3, 4) . This relative resistance has 56 been linked to a reduced expression of the HIV/SIV co-receptor CCR5 on natural host CD4 + T 57 cells and to a downmodulation of CD4 on activated CD4 + T cells in AGM (3-5). 58 Plasmacytoid dendritic cells (pDC) form a rare cell population that is responsible for the vast 59 majority of IFN-I production after HIV encounter (6). This is also true for AGM pDC as the 60 depletion of pDC from AGM PBMC completely abrogates the IFN-I response to SIVagm 61 stimulation (7). HIV/SIV sensing by pDC is mediated through endocytosis followed by TLR7/9 62 engagement. It requires CD4, but is independent of co-receptor expression (6). Data on the 63 infection rates of pDC in vivo are scarce. One study reported the presence of HIV DNA in 64 4 circulating pDC of chronically HIV-infected patients (8). Another study reported high infection 65 levels in lymph node (LN) pDC during acute SIVmac infection (9). 66 Here, we discovered a restricted CD4 and/or CCR5 expression on pDC in natural hosts. We 67 evaluated the effect of low CD4 expression on the capacity of AGM pDC to efficiently sense 68 distinct forms of SIVagm (free virus, non-infectious particles and SIVagm-infected cells). 69 Furthermore, we examined the infection frequency of pDC during pathogenic and non-70 pathogenic SIV infection. intravenous inoculation with 250 TCID50 of SIVagm.sab92018, as described previously (10, 11). 94 Four Chinese rhesus macaques were i.v. infected with 50 AID50 SIVmac251 and two others were 95 infected with 5000 AID50 SIVmac251, as described previously (10, 12) . Eight Indian rhesus 96 macaques had been previously infected with SIVmac239 or SIVmac251 and eight sooty 97 mangabeys were either naturally infected or infected experimentally with SIVsmE041 (13, 14) . 98 Blood was collected by venipuncture on sodium heparin tubes and shipped to Institut Pasteur or 99 used on site at Yerkes National Primate Research Center. Bone marrow mononuclear cells were 100 isolated on Ficoll and tissue cells were put in suspension before staining. LNs and spleens were 101 disrupted mechanically and rectal tissues were enzymatically degraded as described previously 102 (12, 15) . 104 Freshly isolated PBMCs were cultured at 0.5x10 6 cells/well in 24-well plates (Costar) at 37˚ C, 5% 105 CO2 for eighteen hours with or without virus. Cell viability was measured using trypan blue and a 106 Countess (Life Technologies) cell counter. The SIVagm strains used, have been previously 107 6 described: SIVagm.sab92018 (11), SIVagm.sabD46 and SIVagm.tanB14 (16), SIVagm.sab1c (11, 108 17) and SIVgri1 (18, 19) . Free SIVagm was added to PBMCs at a concentration of 1500 ng/mL 109 p27, unless indicated otherwise. HSV-1 was added at a TCID50 of 2x10 5 . HIV-1.Bal-VSV, which is 
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Materials and Methods
103
Viral stimulations
Production of infected cells
118 Cells were infected as previously described (23). Briefly, SupT1 cells were exposed for one hour 119 at 37˚ C to 3.3x10 4 TCID50 per 10 6 cells under constant agitation. Infection levels were assessed 120 by measuring SIV Gag + cells using flow cytometry (see below).
121
Functional Interferon alpha assay 122 Bioactive IFN-I levels were quantified as described earlier (7). In short, Mardin-Darby Bovine 123 Kidney (MDBK) cells were incubated with UV-inactivated supernatants for 18 hours, after which 124 the cytopathic effect of vesicular stomatic virus was determined using the CellTiter 96® 125 AQueous Non-Radioactive Cell Proliferation Assay (Promega). Alternatively, a cell line stably 126 transfected with a luciferase gene under an IFN-I inducible promoter was used to measure IFN-I 127 levels, as described previously (23). The limit of detection threshold was set at 2 IU/mL. (Figure 1 ). PDC were defined as CD3 -CD20 -HLA-DR + CD123 hi cells 191 (Figure 2A) (2). MAC and SM pDC displayed similar CD4 levels as on CD4 + T cells ( Figure 1A and 192 B) . Surprisingly, AGM pDC expressed CD4 at >1 log lower levels than CD4 + T cells (p < 0.001). Figure 2B) , it is unlikely that low 195 CD4 on AGM pDC was due to species-specific antibody issues. The absence of intracellular CD4 196 in AGM pDC indicated that recycling from the cell surface was not the underlying mechanism of 197 this low expression ( Figure 2C ). AGM pDC from primary, secondary and tertiary lymphoid tissues 198 all expressed low levels of CD4 ( Figure 2D ). 199 Efficient SIV-sensing by AGM pDC 200 The low CD4 expression on AGM pDC is paradoxical, since CD4 is essential for HIV/SIV sensing by 201 pDC and AGM pDC have been shown to efficiently sense SIVagm (7, 12) . Nonetheless, a lower 202 production of IFN-I has been described during SIVagm infection in vivo (12, 25) . We wondered Figure 3A) . Both SIV-infected cells and AT2-inactivated SIVagm also induced 210 normal IFN-I responses (Figures 3B and 3C) . Longitudinal measurement showed that CD4 levels 211 on pDC did not further decrease during SIV infection ( Figure 3D ). Altogether, these data 212 demonstrate that low CD4 on AGM pDC did not impair their capacity to sense SIVagm.
213
SIV isolate-dependent sensing of AGM pDC 214 11 We wondered how SIVagm is sensed by pDC despite low CD4 expression. CD4 is a highly 215 polymorphic molecule among primates. We raised the hypothesis that given the long circulation 216 of SIVagm in the AGM population, SIVagm is well-adapted to AGM CD4 (26). This could entail 217 that SIVagm, but not heterologous viruses, can elicit robust IFN-I responses by AGM pDC. We 218 tested this hypothesis by stimulating AGM (sabaeus) and MAC PBMC with nine SIV/HIV isolates 219 ( Figure 4A, B) . The three SIVagm.sab isolates and the SIVagm.tan isolate induced robust IFN-I 220 production by AGM pDC. SIVagm.gri did not induce an efficient response, which corresponds 221 with the observation that the CD4 genes of the sabaeus and tantalus AGM species are more 222 closely related to each other than to the CD4 gene of the grivet AGM species (26). 223 In contrast, HIV-1 and two out of three SIVmac (SIVmac.251 and SIVmac.STM) isolates did not was more cytotoxic for AGM PBMC than SIVmac251 (p < 0.05, Figure 4C ). However, at a dose of 228 150 ng/mL p27, SIVmac239 did not influence viability, so it is unlikely that the strong response 229 to SIVmac239 was related to dying cells, which are known to induce IFN-I responses ( Figure 4C ). 230 It should be noted that SIVmac239 has been shown to be highly virulent in vivo compared to 231 SIVmac251 (27) . In contrast to AGM pDC, MAC pDC produced IFN-I upon stimulation with all 232 SIV/HIV isolates, including SIVagm ( Figure 4B) . 233 If the lack of SIVmac/HIV sensing by AGM pDC is indeed due to low CD4, then forcing viral 234 endocytosis should overcome this sensing deficiency. In line with this, HIV-1, or SIVmac251, 235 pseudotyped with VSV-G were sensed similar to SIVagm ( Figure 4D ). Indeed, pseudotyped HIV-1 236 12 and SIVmac251 induced higher levels of IFN-I than their wild-type isolates (p < 0.05 and p < 0.01, 237 respectively, Figure 4D ). Altogether, these findings indicate a virus-host co-adaptation in AGM 238 for viral sensing by pDC.
239
Predominance of CCR5 negative pDC in natural hosts 240 We next examined CCR5 expression on AGM pDC, since co-receptor expression, in addition to 241 CD4, is essential for infection. MAC pDC were predominantly CCR5 + (median 92.3%), while the 242 majority of AGM and SM pDC did not express detectable levels of CCR5 (7.7% and 40% CCR5 + 243 pDC, respectively; Figure 1A and 1C). In SMs, the percentage of CCR5 + pDC was lower after SIV 244 infection (18.4%, p = 0.02; Figure 1C ). 246 We then addressed the question if these reduced CD4 and CCR5 expressions associate with low 247 infection of AGM pDC. To test this, we purified splenic pDC and CD4 + T cells of chronically SIV-248 infected AGM and MAC and measured cell-associated viral DNA. Cells from uninfected animals 249 were never positive for viral DNA (data not shown). Spleen pDC and CD4 + T cells from MAC 250 harbored a median of 8.1 x 10 4 and 9.2 x 10 3 copies per million cells, respectively (p = 0.37, 251 Figure 5A ). AGM harbored 3.2 x 10 4 and 4.1 x 10 3 copies per million splenic pDC and CD4 + T 252 cells, respectively (p = 0.44, Figure 5A ). AGM and MAC pDC were thus infected to a similar 253 extent in vivo. As infection levels were similar between pDC and CD4 + T cells, potentially 254 contaminating CD4 + T cells in the pDC fraction cannot explain the levels of detected SIV DNA in 255 pDC. As pDC have limited phagocytic capacities, the high levels of viral DNA in these cells are 256 also unlikely to be associated with engulfed infected T cells. 257 13 To further demonstrate the infection status of AGM pDC, we immunohistochemically examined 258 a LN of a chronically infected AGM ( Figure 5B ). CD123 and SIVagm RNA signals overlapped, 259 while NKp30, which is not expressed on pDC, did not co-stain with CD123 or SIVagm RNA. 260 We then measured CD4 and CCR5 expression on splenic pDC of chronically infected AGM and 261 MAC to exclude phenotypic differences compared to pDC from blood or from lymphoid tissues 262 of uninfected animals. Splenic pDC of SIV-infected AGM, but not MAC, expressed low levels of 263 CD4 ( Figure 6 ). Only 4.7% of AGM splenic pDC had detectable CCR5 expression, while 92.9% of 264 MAC splenic pDC were CCR5 + (p = 0.0079). In conclusion, pDC of AGM and MAC were infected 265 at high levels despite a restricted CD4 and CCR5 expression on AGM pDC.
245
PDC are highly infected during pathogenic and non-pathogenic SIV infection
266
Discussion
267
Such low CD4 expression as the one we discovered on AGM pDC is remarkable given the 268 evolutionary conserved high expression of CD4 on mammalian pDC, including primate, murine, 269 cattle and swine pDC (6, 28, 29) . The role of CD4 in pDC biology is currently unknown, but this 270 low expression raises questions on the physiological impact for AGM. The low CD4 levels on pDC 271 were sufficient to allow SIVagm endocytosis and subsequent sensing and we demonstrated for 272 the first time that natural host pDC can sense SIV-infected cells. In contrast, most SIVmac and 273 HIV-1 isolates tested were not sensed by AGM pDC. Pseudotyping increased the efficiency of 274 HIV-1/SIVmac251 sensing, which indicates that inefficient sensing of heterologous virus was due 275 to restricted viral uptake. Altogether, this suggests an adaptation between SIVagm and its host-276 specific CD4. Similar to our findings, it has been shown that HIV-1 poorly interacts with MAC 277 CD4 compared to human CD4 and that HIV-1 could thus infect cells expressing low levels of 278 human CD4, but not cells expressing low levels of MAC CD4 (30). Low CD4 expression also did 279 14 not prevent AGM pDC from being infected as they were infected at high levels in vivo. Since the 280 pDC sensing capacity and infection levels were similar between AGM and MAC, these factors do 281 not determine the level of chronic inflammation. 282 Our study reveals a high infection rate of pDC in secondary lymphoid tissue during chronic SIV 283 infection. These data resemble those of acute SIVmac infection, where pDC were found to be 284 infected to similar levels as CD4 + T cells in LN (9). Since only very few data on pDC infection in 285 vivo are available, this is important and underlines the potential role of pDC as a viral reservoir. 286 Of note, the ratio of pDC to CD4 + T cells is low, approximately 1:300 in lymph nodes (2). 287 Therefore, the majority of viral burden in SIV infection is still associated with CD4 + T cells. 288 However the contribution of pDC should not be underestimated, given their presence in 289 mucosae, their capacity to migrate to lymph nodes and their ability to efficiently transmit 290 HIV/SIV to CD4 + T cells. 291 The lack of correlation between the frequency of CCR5 + pDC and SIV infection status does not 292 support the hypothesis that absence of CCR5 expression protects against target cell infection 293 (4). In line with this, a mutation in the SM CCR5 allele, disrupting functional CCR5 expression, 294 does not diminish SIVsm infection prevalence (31). This can be explained by the fact that SIVs, 295 including SIVagm, efficiently use alternative co-receptors, such as CXCR6 (Bonzo) and GPR15 296 (BOB) (22, 31) . It is however possible that the low percentage of CCR5 expression in natural 297 hosts is related indirectly to their resistance to disease. Indeed, while CCR5 is not a specific gut-298 homing receptor, it can induce migration to inflamed tissues (14). Such extremely low levels of 299 CCR5 + pDC in natural hosts could therefore be related to the lack of pDC accumulation in the gut 300 after infection (32). Our results therefore suggest that evaluating the function of CCR5 in 301 15 seeding of viral reservoirs outside its role as a HIV co-receptor is warranted. Teasing out such 302 mechanisms could be helpful for curative approaches. 303 
